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The mmvention provides a metal alkoxide complex of For-
mula (I), wherein X, M, R1, R2, R3, m, n, y and z are as
defined in the Description. The invention also provides a
catalyst composition comprising the metal alkoxide com-
plex and a hydroxy-containing compound, wherein the
molar ratio of the metal alkoxide complex to the hydroxy-
containing compound 1s 1:0.1-1000. The invention also
provides a production method of poly-e-caprolactone or
polyactide, wherein an e-caprolactone monomer or a lactide
monomer 1s reacted 1n the presence of the metal alkoxide
complex or catalyst composition to obtain poly-e-caprolac-
tone or polylactide. The metal alkoxide complex and the
catalyst composition thereol can be used to catalyze the
synthesis of poly-e-caprolactone or polylactide with a high
elliciency. The molecular weight of polycaprolactone or
polylactide can be controlled by the molar ratio of the metal
alkoxide complex and the hydroxy-containing compound,
and 1s adjustable 1n the range of 1000-600,000, and wherein
the molecular weight distribution 1s from 1.03 to 1.50.

[ X, sM(OCR R5R;), 1. .(organic solvent), (I)
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METAL ALKOXIDE COMPLEX, CATALYST
COMPOSITION, AND PRODUCTION
METHOD OF POLYCAPROLACTONE OR
POLYLACTIDE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the United States national phase, under
35 U.S.C. §371, of International Patent Application No.
PCT/CN2012/081244, filed 11 Sep. 2012 and entitled
METALLIC ALKOXY COMPLEX, CATALYST COMPO-
SITION AND POLYCAPROLACTONE OR POLYLAC-
TIDE PREPARATION METHOD, which claims the benefit
of priority to Chinese Patent Application Serial Number
201110406325.6 filed 8 Dec. 2011 and entitled METALLIC
ALKOXY COMPLEX, CATALYST COMPOSTION AND
POLYCAPROLACTONE OR POLYLACTIDE PREPA-
RATION METHOD, both of which are incorporated herein

by reference in their entirety.

FIELD OF THE INVENTION

The mvention relates to the field of catalysts, 1n particular,
to a metal alkoxide complex, a catalyst composition and a
production method of polycaprolactone or polylactide.

BACKGROUND OF THE INVENTION

Both of poly-e-caprolactone (PCL) and polylactide (PLA)
are biodegradable material of polyesters and have excellent
biodegradability, thus they are widely used in producing
disposable containers, tableware, thin films, fibers, clothes
and automotive elements, which 1s of benefit to solve the
environment pollution problem caused by petroleum chemi-
cal resources, Furthermore, PCL and PLA also have prop-
erties such as good biocompatibility, nontoxicity and adjust-
able degradability, thus they meet the requirements of high
molecular materials useful in medicine and have a prospect
for use 1n internal/external fixation of fracture, surgical

suture, stent 1n tissue engineering and sustained release of

drugs, release-controlling support materials and the like.
The earlier synthesis of polyesters 1s mainly the conden-
sation reaction of acids and alcohols. However, the polymer
structure synthesized by such reaction cannot be controlled,
and possibly 1s a linear, branched or cyclic structure, and the
molecular weight distribution thereol 1s too wide, the
molecular weight thereof 1s low and 1s hard to be controlled,
so that the mechanic properties of the polymer are poor
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polyesters are mainly focused on developing the coordina-

tion polymerization catalyst to initiate the ring opening of

cyclic esters to produce polyester polymers. Compared with
the direct dehydration polycondensation method, the ring
opening polymerization method for producing polyesters
has the following method, the ring opening polymerization
method for producing polyesters has the following advan-
tages: (1) the molecular weight of polyesters can be con-
trolled precisely, and the molecular weight distribution 1s
very narrow; (2) the polyesters obtained by the direct
dehydration condensation have a low molecular weight and
the properties thereol cannot satisfy certain requirements in
biomedicine, while no any water i1s produces i1n the ring
opening polymerization and thus polymers having a higher
molecular weight can be synthesized; (3) selective polym-
erization ol chiral monomers can be achieved by modifica-
tions on the catalyst ligands.
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The catalyst systems applied 1n the coordination ring
opening polymerization of lactones mainly include stannous
octoate, the complexes of aluminum, calctum, magnesium,
zinc and titanium, the complexes of metals of group IIIB,
and the like. For example, the Chinese patent document with
the application number 01114244.8 discloses a method for
producing poly-e-caprolactone by using stannous octoate as
the catalyst. However, the molecular weight of the poly-e-
caprolactone obtained by the catalysis with stannous octoate
cannot be controlled, and the molecular weight distribution
thereof 1s wide. The Chinese patent document with the
application number 200610016623.3 discloses a production
method and use method of a Schifl base aluminum catalyst
for the rnng opening polymerization of lactide. However, the

catalytic activity of the Schifl base aluminum 1s low, and the
molecular weight of the polylactide obtained eventually 1s
relatively low.

SUMMARY OF THE INVENTION

In view of above, the technical problem sought to be
solved by the imnvention 1s to provide a metal alkoxide
complex having high catalytic activity, and the polycapro-
lactone or polylactide produced by the catalysis thereof has
a controllable molecular weight and a narrow molecular
weight distribution, a catalyst composition thereof, and a
production method of polycaprolactone or polylactide using
the metal alkoxide complex and the catalyst composition
thereof.

The mvention provides a metal alkoxide complex having
a molecular formula represented by Formula (I):

(D);

In the formula (I), M 1s a main group metal element or a
transition metal element in the periodic table;

R,, R, and R, are independently selected from hydrogen,
chain alkyl, phenyl, substituted phenyl, arylalkyl, or substi-
tuted arylalkyl;

X 1s hydrogen, C1-C30 chain alkyl, amino or halogen;

n 1s the valence state of M, and n=1-4;

m 1s the number alkoxy group in the complex, and
O<m=4;

O=n-m<4;

l1=y=6; and

O<z=4.

Preferably, said M 1s calcium, magnesium, strontium,
barum, aluminum or zinc.

Preferably, said R, R, and R, are independently selected
from C1-C5 chain alkyl, phenyl substituted with C1-C6
chain alkyl or arylalkyl.

Preferably, saad X 15 —CH,, —CH,CH,;,
—CH,CH,CH,CH,, —CH,S1(CH;),, —N(S1(CH,);), or
—Cl.

Preferably, said organic solvent 1s alkanes, substituted
alkanes, benzene, substituted benzenes, or ethers.

The 1invention also provides a catalyst composition com-
prising the metal alkoxide complex, and hydroxy-containing
compound, wherein the molar ration of said metal alkoxide
complex to said hydroxy-containing compound 1s 1:0.1-
1000.

Preferably, said hydroxy-containing compound 1s metha-
nol, ethanol, n-propanol, 1so-propanol, n-butanol, 1so-buta-
nol, ethylene glycol, phenol, benzoic alcohol, phenethanol,
diphenylcarbinol, triphenylcarbinol, 1,1,1-triphenylethanol,
9-antracenemethanol, 1,3,5-benzenetriol, triethanolamine or
1,3,5-benzenetrimethanol.

(X, M(OCR | R5R3),,],-(organic solvent),
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The invention also provides a production method of
poly-e-caprolactone or polylactide comprising the following
step:

a e-caprolactone monomer or a lactide monomer 1s
reacted 1n the presence ol a catalyst to obtain poly-e-
caprolactone or polylactide, wherein the catalyst 1s said
metal alkoxide complex or said catalyst composition.

Preferably, the molar ration of said metal alkoxide com-
plex to said e-caprolactone monomer or lactide monomer 1s
1:1-10000.

Preferably, the reaction temperature 1s 10° C.-130° C., and
the reaction time 1s 0.03 h-24 h.

The metal alkoxide complex provided by the mvention
has a molecular formula represented by Formula (I), said
metal alkoxide complex alone can be used as the catalyst for
catalyzing the polymerization of e-caprolactone monomer or
lactide monomer. Furthermore, its catalytic activity 1s high,
and the polycaprolactone or polyactide having a high
molecular weight can be obtained eventually. The invention
also provides a catalyst composition comprising said metal
alkoxide complex and a hydroxy-containing compound, the
combination use of they both improves the catalytic efthi-
ciency of the metal alkoxide complex, and the polycapro-
lactone or polylactide having a high molecular weight can be
obtained by the catalysis with an extremely small amount of
metal alkoxide complex, namely the catalytic efliciency 1s
very high. At the same time, during the catalysis, a living
chain transfer 1s occurred in the hydroxy-containing com-
pound and the mnitiating center, thereby the chain of poly-
caprolactone or polylactide 1s continuously extended, show-
ing an “‘mmmortal” polymerization property and the
molecular weight distribution being close to 1. Thus, the
molecular weight of the poly-e-caprolactone or polylactide
can be controlled either by the molar ratio of monomer as the
raw material to the metal alkoxide complex or by the molar
ration of monomers as the raw material to the hydroxy-
containing compound, so that the molecular weight of the
poly-e-caprolactone or polylactide 1s adjustable 1n the range
of 1000-600,000, and the molecular weight distribution 1s
preferably from 1.03 to 1.50.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The invention provides a metal alkoxide complex having
a molecular formula represented by Formula (I):

(X, M(OCRR5R3),,],-(organic solvent), (I);

in Formula (I), M 1s a main group metal element or a
transition metal element in the periodic table;

R,, R, and R, are independently selected from hydrogen,
chain alkyl, phenyl, substituted phenyl, arylalkyl, or substi-
tuted arylalkyl;

X 1s hydrogen, C1-C30 chain alkyl, amino or halogen;

n 1s the valence state of M, and n=1-4;

m 1s the number of alkoxy group in the complex, and
O<m=4;

O<n-m<4;

l<y=<6; and

O=<z=<4.

In Formula (I), said M 1s a main group metal element or
a transition metal element 1n the periodic table, preferably
calcium, magnesium, strontium, barium, aluminum or zinc,
more preferably calcium, magnesium or zinc, n i1s the
valence state of M, and depending on the metal element
used, ncan be 1, 2, 3 or 4, preferably 2 or 3; m 1s the number
of alkoxy group 1n the complex, and O<m=4. As the metal-
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alkoxy bond 1s the mnitiating group of said metal alkoxide
complex, at least one metal-alkoxy bond 1s contained, and
thus n and m need to satisty n-m=0, m can be O or 1; and
when n 1s 3 or more, m also can be 2 or more.

Said R,, R, and R, are independently selected from
hydrogen, chain alkyl, phenyl, substituted phenyl, arylalkyl,
or substituted arylalkyl; said chain alkyl i1s preferably
C1-C20 cham alkyl, more preferably C1-C15 chain alkyl,

and most preferably C1-C5 chain alkyl; said substituted
phenyl 1s preferably phenyl substituted with C1-C20 chain
alkyl, more preferably phenyl substituted with C1-C135 chain
alkyl, and most preferably phenyl substituted with C1-C6
chain alkyl. In the mvention, said R, R, and R; are most
preferably hydrogen, methyl or phenyl, substituted phenyl,
arylalkyl, substituted arylalkyl, respectively.

Said X 1s an atom or group forming a bond with M, and
X 1s hydrogen, C1-C30 chain alkyl, amino or halogen,
preferably hydrogen, CH,, CH,CH,, CH,CH,CH,CH,;,
CH,S1(CH,);, N(Si(CH;)3),, F, Cl, Br, or I, and more
preterably CH;, CH,CH,, CH,CH,CH,CH,;, CH,S1{CH;);,
N(S1(CH,),), or CI.

Said organic solvent i1s preferably alkanes, substituted

alkanes, benzene, substituted benzene, or ethers, more pret-
erably pentane, hexane, benzene, chlorobenzene, o-dichol-
orbenzene, toluene, ethyl ehter, tetrahydrofuran, ethylene
glycol dimethyl ether, dichloromethane or dioxane, and
most preferably toluene, tetrahydrofuran or dichlorometh-
ane. Said organic solvent 1s chelated to metals via oxygen
atom, thus when said organic solvent 1s a non-polar solvent,
said z satisfies z=0; and when said organic solvent 1s a polar
solvent, said z satisfies O<z<4.

In the invention, R, R, and R, are independently selected
from hydrogen, chain alkyl, phenyl, substituted phenyl,
arylalkyl, substituted arylalkyl; and when the steric hin-
drance constituted by the three groups 1s large enough, y=1,
or when the steric hindrance 1s relatively small, 1<y<6.

Said metal alkoxide complex can be produced by the
following method.

A metal compound MX  and a ligand R,R,R,;COH are
dissolved 1n an organic solvent, and are reacted under the
catalysis of a catalyst to obtain a mixture; the mixture 1s
washed and filtered to obtain said metal alkoxide complex,
and the specific reaction 1s as follows.

Catalyst

-
organic solvent

[ Xp-nM(OCR 1R R3) |+ (01rganic solvent),

MX, + m RiR>R3COH

MX  1s a metal compound, wherein M 1s a main group
metal element or a transition metal element 1n the periodic
table, preferably calcium, magnesium, strontium, barium,
aluminum or zinc, and more preferably calcium, magensium
or zinc; said X 1s hydrogen, C1-C30 chain alkyl, amino or
halogen,  preferably  hydrogen, @ CH,, CH,CH,;,
CH,CH,CH,CH,, CH,S1(CH,),, N(S1(CH;)5)-, F, Cl, Br or
I, and more preterably CH,, CH,CH,, CH,CH,CH,CH;,
CH,S1(CH,),, N(S1(CH;), ), or Cl; n 1s the valence state of
M, and depending on the metal element adopted, n can be 1,
2,3 or 4, and preterably 2 or 3; m 1s the number of alkoxy
group 1n the complex, and O=m=4. As the metal-alkoxy bond
1s the mitiating group of said metal alkoxide complex, at
least one metal-alkoxy bond 1s contained, and thus n and m
need to satisify n—-m=0, m can be O or 1, and when n 1s 3 or
more, m also can be 2 or more. When the organic solvent 1s
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a non-polar solvent, said z satisfies z=0; and when the
organic solvent 1s polar solvent, said z satisties z=0-4. R |,
R, and R, are independently selected from hydrogen, chain
alkyl, phenyl, substituted phenyl, arylalkyl, substituted ary-
lalkyl. When the steric hindrance constituted by the three
groups 1s large enough, y=1, or when the steric hindrance 1s

relatively small, 1<y=6.

R,R,R,COH 1s the ligand, wherein R,, R, and R, are
independently selected from hydrogen, chain alkyl, phenyl,
substituted phenyl, arylalkyl, or substituted arylalkyl. Said
chain alkyl 1s preferably C1-C20 chain alkyl, more prefer-
ably C1-C135 chain alkyl, and most preferably C1-C5 chain
alkyl. Said substituted phenyl i1s preferably phenyl substi-
tuted with C1-C20 chain alkyl, more preferably phenyl
substituted with C1-C15 chain alkyl, and most preferably
phenyl substituted with C1-C6 chain alkyl. In the invention,
said R, R, and R, are most preferably hydrogen, methyl or
phenyl, respectively:

In the method for producing said metal alkoxide complex,
said organic solvent 1s alkanes, substituted alkanes, benzene,
substituted benzene or ethers, preferably pentane, hexane,
benzene, chlorobenzene, o-dichlorobenzene, toluene, ethyl
cther, tetrahydrofuran, ethylene glycol dimethyl -ether,
dichloromethane or dioxane, and more preferably toluene,
tetrahydrofuran or dichloromethane.

In the method for producing said metal alkoxide complex,
said catalyst 1s preferably elementary 10dine. The amount of
catalyst added 1s preferably 2%-5% of the total mass of the
reactants.

In the method for producing said metal alkoxide complex,
as the metal alkoxide complex 1s sensitive to oxygen and
water, said reaction 1s preferably performed by adding the
ligand-containing organic solvent to the solution of the
metal compound MX  1n the organic solvent slowly and
dropwisely under water-ree and oxygen-iree condition with
a rapid agitation.

In the method for producing said metal alkoxide complex,
said reaction 1s preferably performed under a reflux condi-
tion, so that the reaction temperature 1s maintained and the
conversion measured by nuclear magnetic resonance test of
the reaction 1s improved. The reaction time 1s preferably 1-4
h, and more preferably 2-3 h. The reaction temperature 1s not
specifically limited, and 1s preferably at room temperature.

The mitiating site of said metal alkoxide complex 1s the
metal-alkoxy bond. This mitiating group has a very high
catalytic efliciency for polar cyclic esters monomers, which
can reach 100000% (1.e. 1000 times), thereby said meta
alkoxide complex exhibits a relatively high catalytic activity
on the polymenization of e-caprolactone and lactide mono-
mers. Therefore, said metal alkoxide complex can catalyze
the polymerization of e-caprolactone and lactide monomers
to produce polymers.

The invention also provides a catalyst composition com-
prising the above-mentioned metal alkoxide complex and a
hydroxy-containing compound, wherein the molar ratio of
the metal alkoxide complex to the hydroxy-containing com-

pound 1s 1:0.1-1000, preferably 1:100-900, and more prei-
erably 1:300-700.
Said hydroxy-containing compound can be represented

by Formula (II):

R(OH),, (1D).

In Formula (II), R 1s C1-C20 chain alkyl, C1-C20 chain
alkyl substituted by amino, aryl, arylalkyl, aryl or arylalkyl
substituted by C1-C20 chain alkyl; and w 1s a natural
number, preferably 1=w=8.
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Said hydroxy-containing compound can be alcohols, and
also can be phenols. It 1s preferably methanol, ethanol,
n-propanol, iso-propanol, n-butanol, 1so-butanol, ethylene
glycol, phenol, benzoic alcohol, phenethanol, diphenylcar-
binol, triphenylcarbinol, 1,1,1-triphenylethanol, 9-anthra-
cenemethanol, 1,3,5-benzentriol, triethanolamine or 1,3,5-
benzenetrimethanol, more preferably 1sopropanol, benzoic
alcohol, diphenycarbinol or triphenylcarbinol.

The mitiating site of said metal alkoxide complex 1s the
metal-alkoxy bond. This mitiating site 1s characterized by
exhibiting a high efliciency and a high activity for polar
cyclic esters monomer, thereby said metal alkoxide complex
exhibits a relatively high catalytic activity for e-caprolactone
or lactide monomers. Said metal alkoxide complex can be
used alone to catalyze polymers, or, can be used 1n combi-
nation with the hydroxy-containing compound to catalyze
e-caprolactone and lactide monomers to produce polymers.

When a conventional catalyst 1s used to catalyze the
polymerization ol monomers, the addition of alcohols often
results 1n deactiviation of the catalyst, so that the chain
propagation reaction of the polymer 1s terminated. However,
the inventor has discovered that, in the invention, when a
hydroxy-contaiming compound 1s added, said metal alkoxide
complex can still catalyze the chain propagation reaction of
the polymer as usual without causing the polymerization to
be terminated. When said catalyst composition 1s used to
catalyze the polymerization of e-caprolactone or lactide
monomers, and the hydroxy-containing compound plays the
role of a chain-transier agent, namely the hydroxy-contain-
ing compound and the mitiating center can occur the living
chain transfer, so that the chain of the polymer can be
continuously propagated, the apparent effect thereof 1s that
one metal alkoxide complex molecule can 1nitiate 1-1000
times chain propagation of the macro molecular, so the
catalytic ethiciency can be up to 100,000%, showing an
“immortal” polymerization nature. With this nature, the
adjustment of the molecular weight of the polymer in a very
wide range can be achieved by controlling the addition
amount of the hydroxy-containing compound. At the same
time, the addition of the hydroxy-containing compound also
results in an i1deal molecular weight distribution of the
polymer.

The two components of the catalyst composition of the
invention can be added separately during the reaction, but
they also can be added simultaneously aiter the treatment
according to the following method:

adding the organic solvent containing said metal alkoxide
complex to the organic solvent containing the hydroxy-
containing compound slowly and dropwise under a dry
condition with rapid agitation, and vacuum f{iltering the
resultant mixture to obtain the catalyst composition, wherein
the organic solvent containing said metal alkoxide complex
and the organic solvent containing the hydroxy-containing
compound can be same or different, preferably they both are
same, and each of them 1s independently selected from
alkanes, substituted alkanes, benzene, substituted benzene or
cthers, preferably pentane, hexane, benzene, chlorobenzene,
o-dichlorobenzene, toluene, ethyl ether, tetrahydrotfuran,
cthylene glycol dimethyl ether, dichloromethane or dioxane,
and more preferably toluene, tetrahydrofuran or dichlo-
romethane.

The mnvention also provides a production method of
poly-e-caprolactone and polylactide comprising the follow-
ing steps:

e-caprolactone monomers or lactide monomers are
reacted i1n the presence ol a catalyst to obtain poly-e-
caprolactone or polylactide, wherein the catalyst 1s said
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metal alkoxide complex, or said catalyst composition con-
sisted of the metal alkoxide complex and hydroxy-contain-
ing compound.

In said catalyst, the molar ratio of the metal alkoxide
complex to the e-caprolactone monomer or lactide monomer

1s 1:1-10,000, and preferably 1:1000-9,000.

The polymerization reaction time of the e-caprolactone
monomers or lactide monomers 1s preferably 0.03 h-24 h,
more preferably 0.5 h-20 h, and most preferably 3 h-10 h.

The polymerization reaction temperature of the e-caprolac-
tone monomers or lactide monomers 1s preferably 10°

C.-130° C., and more preterably 25° C.-100° C.

As the metal alkoxide complex 1s sensitive to oxygen and
water, said reaction 1s preferably performed under a water-
free and oxygen-iree condition. For example, the reaction of
the e-caprolactone monomers or lactide monomers can be
catalyzed by said catalyst directly, or the reaction of the
e-caprolactone monomers or lactide monomers can be cata-

lyzed by said catalyst catalyzes in an organic solvent,
wherein the organic solvent 1s alkanes, substituted alkanes,
benzene, substituted benzene or ethers, preferably pentane,
hexane, benzene, chlorobenzene, o-dichlorobenzene, tolu-
ene, ethyl ether, tetrahydrofuran, ethylene glycol dimethyl
cther, dichloromethane or dioxane, and more preferably
toluene, tetrahydrofuran or dichloromethane.

After the reaction 1s completed, poly-e-caprolactone or
polylactide 1s obtained by a post-treatment, which comprises
adding the mixed liquid from the reaction to the protic
solvent, such as a solution 10 voLL % hydrochloric acid 1n
alcohol (e.g. ethanol), to stop the reaction; then performing
sedimentation in ethanol, and a white solid 1s obtained by
filtration; drying the white solid at 30° C.-50° C. for 36 h-60
h to obtain poly-e-caprolactone or polylactide.

The molecular weight of the poly-e caprolactone or
polylactide 1s measured by a gel permeation chromatogra-
phy (GPC). The results shows that the molecular weight of
the poly-e-caprolactone or polylactide can be adjusted by
means of the molar ratio of monomers of the raw material to
the metal alkoxide complex, or by means of the molar ratio
of monomer as the raw material to the hydroxy-containing
compound, and the molecular weight of the poly-e-capro-
lactone or polylactide 1s adjustable in the range of 1000-
600,000, wherein the molecular weight distribution 1s from
1.03 to 1.50.

The mmvention provides a metal alkoxide complex and a
catalyst composition consisting of said metal alkoxide com-
plex and a hydroxy-containing compound. Said metal alkox-
ide complex can be used as a catalyst alone, or can be used
as a catalyst 1n the form of a catalyst composition. When said
catalyst composition 1s used to catalyze the polymerization
ol e-caprolactone and lactide monomers, polycaprolactone
or polylactide having a high molecular weight can be
obtained by the catalysis with an extremely small amount of
the metal alkoxide complex, namely the catalytic efliciency
1s very high. At the same time, during the catalysis, the
hydroxy-containing compound and the initiating center can
occur a living chain transter, thereby the chain of polycapro-
lactone or polylactide can be continuously extended, show-
ing an “1mmortal” polymerization nature, and the molecular
weight distribution 1s close to 1.

In order to further understand the invention, the metal
alkoxide complex, the catalyst composition, and the produc-
tion method of polycaprolactone or polylactide of the inven-
tion will be described in detaill mm combination with
Examples. The protection scope of the invention 1s not
limited by these Examples.
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8
EXAMPLES

Example 1
Production of Metal Alkoxide Complexes Al1-A6

Under a water-iree and oxygen-iree condition, 10 mL of
a toluene solution containing benzoic alcohol was added to
a toluene solution containing calcium chloride slowly and
dropwise, wherein the content of the benzoic alcohol was
0.22 g (2 mmol), and the content of the calcium chloride was
0.11 g (1 mmol). 0.017 g of elementary 10dine was added,
and the reaction was performed under reflux at 120° C. for
24 h, the reaction equation was as follows:

I
-

toluene, reflux

CaCl, + CHsCH,OH [(CcHSCHO),Calg

The resultant reaction mixture was cooled, and 0.25 g of
the complex Al was obtained as white solid after filtration
with the yield of 76%.

The element analysis of the complex Al was performed
(multi-element analyzer, QL-S3000A, Changchun Institute
of Applied Chemistry), and 1t had the molecular formula of
(C,,H,,Ca0,). and the molecular weight of 1513.92: C,
66.64; H, 4.79; Ca, 15.88; O, 12.68.

The production methods of complexes A2-A6 were same
with that of the complex Al, except that methanol, ethanol,
1so-propanol, n-butanol, t-butanol, and phenol was used as
the reactants 1n this order to react with calcium chloride to
obtain complexes A2-A6, respectively.

The element analysis of the resultant complexes A2-A6
was performed.

The complex A2 had the molecular formula of
(C,H.CaO,), and the molecular weight of 612.9: C, 23.52;
H, 5.92; Ca, 39.24; O, 31.33.

The complex A3 had the molecular formula of
(C,H,,Ca0,), and the molecular weight of 260.4: C, 36.90;
H, 7.74; Ca, 30.78; O, 24.58.

The complex A4 had the molecular formula of
(CcH,,Ca0,), and the molecular weight of 315.5: C, 45.54;
H, 8.92; Ca, 25.33; O, 20.22.

The complex A5 had a molecular formula of
(C.H,:Ca0,), and the molecular weight of 372.62: C,
51.57; H, 9.74; Ca, 21.51; O, 17.18.

The complex A6 had the molecular formula of

C.H,,Ca0, and the molecular weight of 186.31: C, 51.57;
H, 9.74; Ca, 21.51; O, 17.18.

Example 2
Production of Metal Alkoxide Complexes A7-A9

Under a water-iree and oxygen-iree condition, 10 mL of
a tetrahydrofuran solution containing phenylmethylmetha-
nol was added to a tetrahydrofuran solution containing
trimethyl aluminum slowly and dropwise, wherein the con-
tent of the phenylmethylmethanol was 0.36 g (3 mmol), and
the content of trimethyl aluminum was 0.07 g (1 mmol); the
reaction was performed under reflux at 70° C. for 24 h, the
reaction equation was as follows:

THE, reflux

T

AlMe; + (CgHs)(CH3)CHOH

Al((CgHs)(CH3)CHO);sTHF
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The resultant reaction mixture was cooled and concen-
trated, and 0.40 g of the complex A7 was obtained as white

powder after filtration with the vield of 87%.
The element analysis of the complex A7 was performed,

and 1t had the molecular formula of (C, ,H,-AlO,)(THF) and
the molecular weight of 462.24: C, 72.70; H, 7.63; Al, 5.83;
O, 13.84.

The production methods of complexes A8 and A9 were
same with that of A7, except that trimethyl aluminum 1s
reacted with t-butanol and phenol, respectively.

The complex A8 had the molecular formula of
(C,,H,,AlO;)(THF) and the molecular weight o1 318.43: C,
60.35; H, 11.08; Al, 8.47; O, 20.10.

The complex A9 had the molecular formula of
(C,:H,;AlO,),(THF) and the molecular weight of 756.8: C,
69.83; H, 6.13; Al, 7.13; O, 16.91.

Example 3
Production of Metal Alkoxide Complexes A10-A14

Under a water-free and oxygen-iree condition, 10 mL of
a toluene solution containing benzoic alcohol was added to
a toluene solution containing bistrimethylsilylamino mag-
nesium slowly and dropwise, wherein the content of the
benzoic alcohol was 0.22 g (2 mmol), and the content of the
bistrimethylsilylamino magnestum was 0.11 g (1 mmol);
then 0.017 g of elementary 1odine was added. The reaction
was performed under reflux for 24 h, the reaction equation
was as follows:

I

toluene, reflux

. C¢HCH,OH

Mg(NSiMes), [(CeHsCHO)»Mg]|s

-

The resultant reaction mixture was cooled, 0.38 g of
complex as white solid A10 was obtained after filtration with
the yield of 90%.

The element analysis of the complex A10 was performed,
and 1t had the molecular formula of (C, ,H,,MgQO,). and the
molecular weight of 1182.5: C, 71.08; H, 5.11; Mg, 10.27;
O, 13.53.

The production methods of complexes All1-Al4 were
same with that of A10, except that methanol, t-butanol, and
diphenylcarbinol were used as the reactants 1n this order to
react with bistrimethylsilylamino magnesium to obtain com-
plexes A11-A13, respectively.

The element analysis of the resultant complexes A11-A14

was performed. The complex All had the molecular for-
mula of (C,HMgQO, ), and the molecular weight of 518.22:

C, 27.81; H, 7.00;, Mg, 28.14; O, 37.05;

The complex Al2 had the molecular formula of
(C,H, ,MgO,). and the molecular weight of 686.38: C,
41.99; H, 8.81; Mg, 21.24; O, 27.96;

The complex Al3 had the molecular formula
(C,,H,,MgO,). and the molecular weight of 1052.55:
68.47;, H, 4.79; Mg, 11.55; O, 15.20;

The complex Al4 had the molecular formula
(C,H,,Mg0O,), and the molecular weight of 1563.04:
79.92; H, 5.67; Mg, 6.22; O, 8.19.

Example 4

Production of Metal Alkoxide Complex Al5

Under a water-free and oxygen-iree condition, 10 mL of
a tetrahydrofuran solution containing t-butanol was added to
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a tetrahydrofuran solution containing iron chloride slowly
and dropwise, wherein the content of the t-butanol was 0.23
g (3 mmol), and the content of the tetrahydrofuran solution
of the iron chloride was 0.13 g (1 mmol), and then 0.020 g
clementary 10dine was added. The reaction was performed
under retlux for 24 h, the reaction equation was as follows:

I

o, reflux

-

FeCl; + (CH3:3COH (Fe((CHz3)3CO)3)2+(THE)>

TH

The resultant reaction mixture was cooled, and 0.40 g of

the complex A19 was obtained as white solid after filtration
with the yield of 82%.

The element analysis of the complex Al5 was performed,
and 1t had the molecular formula of C, ,H,,FeO. and the

molecular weight of 838.5: C, 57.28; H, 10.33; Fe, 13.32; O,
19.07.

Example 5

Production of Metal Alkoxide Complexes A16-A19

Under a water-iree and oxygen-iree condition, 10 mL of
a toluene solution containing benzoic alcohol was added to
a toluene solution containing diethyl zinc slowly and drop-
wise, wherein the content of the benzoic alcohol was 0.37 g
(2 mmol), and the content of the diethyl zinc was 0.12 g (1
mmol), and then 0.025 g of elementary 10dine was added.
The reaction was performed under reflux for 24 h, the
reaction equation was as follows:

I,

toluene, reflux

-

Zn(CH,CH;)>, + CcHsCH,OH [(CcHsCHO)>Zn],

The resultant reaction mixture was cooled, and 0.40 g of
the complex A16 was obtained as white solid after filtration
with the yield of 82%.

The element analysis of the complex Al16 was performed,
and i1t had the molecular formula of C, H,,Zn0O, and the
molecular weight of 277.63: C, 60.57; H, 4.36; O, 11.53; Zn,
23.55.

The production methods of complexes A17-Al19 were
same with that of Al16, except that ethanol, 1sopropanol,
n-butanol, and t-butanol were used in this order to obtain
complexes A20-A22, respectively.

The element analysis of the resultant complexes A17-A19

was performed. The complex A20 had the molecular for-
mula of C,H.ZnO, and the molecular weight of 127.46: C,

18.85; H, 4.74; O, 25.11; Zn, 51.30.

The complex Al7 had the molecular formula of
C,H,,Zn0O, and the molecular weight of 155.51: C, 30.89;
H, 6.48; O, 20.58; Zn, 42.03.

The complex Al8 had the molecular formula of
C.H,,7Zn0, and the molecular weight of 183.56: C, 39.26;
H, 7.69; O, 17.43; Zn, 35.62.

The complex Al9 had the molecular formula of
C.H,Zn0O, and the molecular weight of 211.62: C, 45.41;

H, 8.57; O, 15.12; Zn, 30.90.

Example 6
Production of Metal Alkoxide Complex A20

Under a water-iree and oxygen-iree condition, 10 mL of
a tetrahydrofuran solution containing diphenylcarbinol was
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added to a tetrahydrofuran solution containing titanium
tetrachloride slowly and dropwise, wherein the content of
the diphenylcarbinol was 0.72 g (4 mmol), and the content
of the titanium tetrachloride was 0.19 (1 mmol). The reac-
tion of tetrahydrofuran was performed under reflux for 24 h,
and then 0.002 g of elementary 10dine was added, the
reaction equation was as follows:

THE, reflux

TiCl, + (CgHs),CHOH > Ti((C¢Hs),CHO)y THE

The resultant reaction mixture was cooled, and 0.80 g of
the complex A20 was obtained as white solid after filtration
with the yield of 89%.

The element analysis of the complex A20 was performed,
and 1t had the molecular formula of (C, H.,O,T1)(THF) and
the molecular weight of 908.98: C, 79.28; H, 6.65; O, 8.80;
11, 5.27.

Example 7
Production of Metal Alkoxide Complex A21

Under a water-free and oxygen-iree condition, 10 mL of
a tetrahydrofuran solution containing triphenylcarbinol was
added to a tetrahydrofuran solution containing dibutyl mag-
nesium slowly and dropwise, wherein the content of the
triphenylcarbinol was 0.52 g (2 mmol), and the content of
the dibutyl magnesium of 1 ml (1 M heptane solution) (1
mmol). The reaction was performed at room temperature for
2 h, and the reaction equation was as follows:

THE, reflux

» Mg((Cglls)3CO)+(THE),

Mg™Bu, + (CqHs):COH

The resultant reaction mixture was cooled and concen-
trated, and 0.60 g of the complex A21 was obtained as white
solid after filtration with the yield of 88%.

The element analysis of the complex A21 was performed,
and it had the molecular formula of C,H,,MgO,(THF) and
the molecular weight of 687.16: C, 80.40; H, 6.75; Mg, 3.54;
O, 9.31.

Example 8

At room temperature, 10 umol of the complex Al
obtained 1n Example 1, 20 umol of benzoic alcohol and 5 mL
of toluene as a solvent were added into a 20 mL water-free
and oxygen-iree polymerization bottle (penicillin bottle,
SYNTHWARE GLASS Co., Ltd.). After the reaction was
performed at 20° C. for 5 minutes, 0.2 mmol e-caprolactone
monomer was added. The reaction was performed under
agitation at room temperature for 5 minutes. A solution of 10
vol. % hydrochloric acid in ethanol was added to stop the
reaction. The reaction solution was poured into a 150 ml
vessel containing 100 ml ethanol so as to be sedimentated.
A white solid was obtained by filtration. The white solid was
dried 1n a 40° C. vacuum drying chamber until the weight 1s
constant, thereby a poly-e-caprolactone solid 1s obtained.
The conversion measure by a nuclear magnetic resonance
test was 100%. As analyzed by a gel permeation chroma-
tography (GPC), the molecular weight M, of the poly-e-
caprolactone 1s 2200, and M /M =1.21.

Example 9

At room temperature, 10 umol of the complex Al
obtained 1n Example 1, 20 umol of benzoic alcohol and 5 mL
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ol toluene solvent were added 1nto a 15 mL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 20° C. for 5 minutes, a catalyst composition
was formed. Then 40 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 15 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white solid was obtained by filtration. The white solid was
dried 1n a 40° C. vacuum drying chamber for 48 h to obtain
poly-L-lactide solid. The conversion measured by a nuclear
magnetic resonance test was 98%. As analyzed by GPC, the
molecular weight M, of the poly-L-lactide 1s 6100, and
M /M =1.25.

Example 10

At room temperature, 10 umol of the complex A2
obtained 1n Example 1, 1 mmol of 1sopropanol and 15 mL
ol toluene solvent were added into a 25 mL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 20° C. for 5 minutes, a catalyst composition
was formed. Then 20 mmol of e-caprolactone monomer was
added and the mixture was stirred at room temperature to
react for 3 h. A solution of 10 vol. % hydrochloric acid 1n
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
solid was obtained by filtration. The solid was placed 1n a
vacuum drying chamber, and dried at 40° C. for 48 h to
obtain poly-e-caprolactone having a net weight of 2.28 g.
The conversion measured by a nuclear magnetic resonance
test was 99%. As analyzed by GPC, the molecular weight
M_ of the poly-e-caprolactone 1s 1100, and M /M =1.09.

Example 11

At room temperature, a solution of 10 pumol of the
complex A2 obtained in Example 1 dissolved 1n 10 ml of
tetrahydrofuran were added into a 25 mL water-free and
oxygen-iree polymernization bottle. 20 mmol of L-lactide
monomer was added and the mixture was stirred at room
temperature to react for 3 h. A mixture solution of 5 vol. %
water and ethanol was added to stop the reaction. The
reaction solution was poured into ethanol so as to be
sedimentated. A white solid was obtained by filtration. The
solid was placed 1in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.82 g. The conversion measured by a nuclear magnetic

resonance test was 98%. As analyzed by GPC, the molecular
weight M of the poly-L-lactide 1s 1500, and M /M, =1.08.

Example 12

At room temperature, 10 umol of the complex A3
obtained 1n Example 1, 20 umol of diphenylcarbinol and 15
mL of toluene solvent were added into a 25 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was obtained. Then 50 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 3 h. A solution o1 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white solid was obtained by filtration. The solid was
placed 1 a vacuum drying chamber, and dried at 40° C. for
48 h to obtain poly-e-caprolactone having a net weight of
2.28 g. The conversion measured by a nuclear magnetic
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resonance test was 100%. As analyzed by GPC, the molecu-
lar weight M, of the poly-e-caprolactone 1s 601,000, and
M. /M =1.20.

Example 13

At room temperature, 10 umol of the complex A3
obtained 1n Example 1, 20 umol of diphenylcarbinol and 40
mL of toluene solvent were added 1nto a 100 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was obtained. Then 10 mmol of L-lactide monomer
was added and the mixture was stirred at room temperature
to react for 5 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
solid was obtained by filtration. The solid was placed 1n a
vacuum drying chamber, and dried at 40° C. for 48 h to
obtain poly-L-lactide having a net weight of 2.82 g. The
conversion measured by a nuclear magnetic resonance test
was 98%. As analyzed by GPC, the molecular weight M of
the poly-L-lactide 1s 81,000, and M /M =1.03.

Example 14

At room temperature, 10 umol of the complex A4
obtained in Example 1, 60 umol of benzoic alcohol and 30
mL of toluene solvent were added 1nto a 50 mL water-iree
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, 60 mmol of e-capro-
lactone monomer was added and the mixture was stirred at
room temperature to react for 2 h. A solution of 10 vol. %
hydrochloric acid 1in ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 6.85 g. The conversion measured by a nuclear
magnetic resonance test was 100%. As analyzed by GPC,

the molecular weight M of the poly-e-caprolactone 1s
120,000, and M /M =1.11.

Example 15

At room temperature, 10 umol of a solution of the
complex A4 obtained in Example 1 1n tetrahydrofuran
solvent was added into a 100 mL water-free and oxygen-iree
polymerization bottle. Then 60 mmol of L-lactide monomer
was added and the mixture was stirred at room temperature
to react for 1 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-L-lactide solid was obtained by filtration. The solid was
placed 1 a vacuum drying chamber, and dried at 40° C. for
48 h to obtain poly-L-lactide having a net weight of 8.46 g.
The conversion measured by a nuclear magnetic resonance
test was 98%. As analyzed by GPC, the molecular weight
M_ of the poly-L-lactide 1s 662,000, and M /M =1.48.

Example 16

At room temperature, 10 umol of the complex A5
obtained 1n Example 1, 10 mmol of 1sopropanol and 20 mL
of toluene solvent were added 1into a 50 mL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 100 mmol of e-caprolactone monomer
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was added and the mixture was stirred at room temperature
to react for 1 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed in a vacuum drying chamber, and dried at

40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 11.3 g. The conversion measured by a nuclear
magnetic resonance test was 99%. As analyzed by GPC, the
molecular weight M of the poly-e-caprolactone 1s 1200, and

M. /M. =1.00.

Example 17

At room temperature, 10 umol of the complex A5
obtained 1n Example 1, 20 umol of 1sopropanol and 20 mL
of toluene solvent were added into a 50 mL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 30 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 1.67 h. A solution of 10 vol. % hydrochloric acid
in cthanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 4.28 g. The conversion measured by a nuclear magnetic
resonance test was 99%. As analyzed by GPC, the molecular

weight M of the poly-L-lactide 1s 220,000, and

Fi

M. /M =1.10.

Example 18

At room temperature, 10 umol of the complex A6
obtained 1n Example 1, 10 umol of diphenylcarbinol and 30
mL of toluene solvent were added into a 50 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was pertormed at 70° C. for 5 minutes, a composition of
catalyst was formed. Then 30 mmol of e-caprolactone
monomer was added and the mixture was stirred at room
temperature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. It was placed in a vacuum drying
chamber, and dried at 40° C. for 48 h to obtain poly-e-
caprolactone having a net weight of 5.70 g. The conversion

measured by a nuclear magnetic resonance test was 100%.
As analyzed by GPC, the molecular weight M, of the
poly-e-caprolactone 1s 570,000, and M /M =1.10.

Example 19

At room temperature, 10 umol of the complex A6
obtained 1n Example 1, 5 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was performed at 70° C. for 5 minutes, a composition of
catalyst was formed. Then 20 mmol of L-lactide monomer
was added and the mixture was stirred at room temperature
to react for 40 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
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of 2.85 g. The conversion measured by a nuclear magnetic
resonance test was 99%. As analyzed by GPC, the molecular
weight M, of the poly-L-lactide 1s 300,000, and
M /M =1.09.

Example 20

At room temperature, 10 umol of the complex A7
obtained 1n Example 1, 20 umol of 1sopropanol and 50 mL
ol toluene solvent were added 1nto a 100 mL water-free and

oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for S minutes, a composition of catalyst
was formed. Then 100 mmol of e-caprolactone monomer
was added and the mixture was stirred at room temperature

to react for 1 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 19.0 g. The conversion measured by a nuclear
magnetic resonance test was 80%. As analyzed by GPC, the
molecular weight M of the poly-e-caprolactone 1s 590,000,

and M /M =1.31.

Example 21

At room temperature, 10 umol of the complex A7
obtained in Example 2, 20 mol of 1sopropanol and 10 mL of
toluene solvent were added mnto 25 mlL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, 50 mol of L-lactide
monomer was added and the mixture was stirred at room
temperature to react for 30 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-L-lactide solid was obtained by
filtration. The solid was placed 1n a vacuum drying chamber,
and dried at 40° C. for 48 h to obtain poly-L-lactide having
a net weight of 2.85 g. The conversion measured by a

nuclear magnetic resonance test was 99%. As analyzed by
GPC, the molecular weight M of the poly-L-lactide 1s
340,000, and M /M =1.14.

Example 22

At room temperature, 10 umol of the complex AS
obtained in Example 2, 20 umol of benzoic alcohol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 5% water and
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 2.28 g. The conversion measured by a nuclear
magnetic resonance test was 100%. As analyzed by GPC,
the molecular weight M, of the poly-e-caprolactone 1s

139,000, and M_/M_=1.07.

Example 23

At room temperature, 10 umol of the complex AS
obtained in Example 1, 20 umol of benzoic alcohol and 10
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mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a composition of
catalyst was formed. Then 20 mmol of L-lactide monomer
was added and the mixture was stirred at room temperature
to react for 10 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.88 g. The conversion measured by a nuclear magnetic
resonance test was 100%. As analyzed by GPC, the molecu-

lar weight M of the poly-L-lactide 1s 164,000, and
M /M =1.09.

Example 24

At room temperature, 10 umol of the complex A9
obtained 1n Example 2, 20 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-fee
and oxygen-free polymerization bottle. After the reaction
was performed at 70° C. for 5 minutes, a catalyst compo-
sition was formed. Then 50 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 0.5 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-L-lactide solid was obtained by filtration. The solid was
placed 1 a vacuum drying chamber, and dried at 40° C. for
48 h to obtain poly-L-lactide having a net weight of 2.85 g.
The conversion measured by a nuclear magnetic resonance

test was 99%. As analyzed by GPC, the molecular weight
M_ of the poly-L-lactide 1s 340,000, and M /M =1.14.

Example 25

At room temperature, 10 umol of the complex A9
obtained 1n Example 2, 10 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 2.28 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M
of the poly-e-caprolactone 1s 256,000, and M /M =1.27.

Example 26

At room temperature, 10 umol of the complex Al0
obtained 1n Example 3, 20 umol of 1sopropanol and 50 mL
ol toluene solvent were added 1nto a 100 mL water-iree and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 100 mmol of e-caprolactone monomer
was added and the mixture was stirred at room temperature
to react for 1 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
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poly-e-caprolactone solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 19.0 g. The conversion measured by a nuclear
magnetic resonance test was 80%. As analyzed by GPC, the
molecular weight M, of the poly-e-caprolactone 1s 510,000,

and M /M =1.30.

Example 27

At room temperature, 10 umol of the complex A10
obtained 1 Example 3, 20 umol of 1sopropanol and 10 mL
of toluene solvent were added 1into a 25 mL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 350 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 30 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.85 g. The conversion measured by a nuclear magnetic

resonance test was 99%. As analyzed by GPC, the molecular
weight M, of the poly-L-lactide 1s 346,000, and

M. /M =1.24.

Example 28

At room temperature, 10 umol of the complex All
obtained 1n Example 3, 5Sumol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 2.28 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M
of the poly-e-caprolactone 1s 510,000, and M /M =1.37.

Example 29

At room temperature, 10 umol of the complex All
obtained 1n Example 3, 20 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 10 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.88 g. The conversion measured by a nuclear magnetic

resonance test was 100%. As analyzed by GPC, the molecu-
lar weight M, of the poly-L-lactide 1s 164,000, and

M. /M. =1.09.
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Example 30

At room temperature, 10 umol of the complex Al2
obtained 1n Example 3, 20 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 70° C. for 5 minutes, a catalyst compo-
sition was formed. Then 50 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 30 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.85 g. The conversion measured by a nuclear magnetic
resonance test was 99%. As analyzed by GPC, the molecular

weight M of the poly-L-lactide 1s 340,000, and

Fi

M. /M =1.14.

Example 31

At room temperature, 10 umol of the complex Al2
obtained 1n Example 3, 10 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1in ethanol was added to stop the reaction.
The reaction solution was poured mto ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed 1n a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 2.28 g. The

conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M

of the poly-e-caprolactone 1s 278,000, and M /M =1.17.

Example 32

At room temperature, 10 umol of the complex Al3
obtained 1 Example 3, 50 umol of 1sopropanol and 50 mL
of toluene solvent were added 1nto a 100 mL water-iree and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 100 mmol of e-caprolactone monomer
was added and the mixture was stirred at room temperature
to react for 1 h. A solution of 10 vol. % hydrochloric acid 1n
cthanol was added to stop the reaction. The reaction solution
was poured into ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 19.0 g. The conversion measured by a nuclear
magnetic resonance test was 80%. As analyzed by GPC, the

molecular weight M, of the poly-e-caprolactone 1s 250,000,
and M_/M =1.09.

Example 33

At room temperature, 10 umol of the complex Al3
obtained 1n Example 3, 20 umol of 1sopropanol and 10 mL
of toluene solvent were added 1nto a 25 mL water-free and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
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was formed. Then 50 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 30 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The

solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.85 g. The conversion measured by a nuclear magnetic
resonance test was 99%. As analyzed by GPC, the molecular

weight M, of the poly-L-lactide 1s 360,000, and
M /M =1.14.

Example 34

At room temperature, 10 umol of the complex Al4
obtained 1n Example 3, 20 umol of benzoic alcohol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 2.28 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M
of the poly-e-caprolactone 1s 139,000, and M /M =1.17.

Example 35

At room temperature, 10 umol of the complex Al4
obtained 1n Example 2, 20 umol of benzoic alcohol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 10 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
As white poly-L-lactide solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.88 g. The conversion measured by a nuclear magnetic
resonance test was 100%. As analyzed by GPC, the molecu-
lar weight M of the poly-L-lactide M, =16,400, and
M /M =1.09.

Example 36

At room temperature, 10 umol of the complex AlS5
obtained 1n Example 4, 20 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 70° C. for 5 minutes, a catalyst compo-
sition was formed. Then 50 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 30 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide monomer was added and the filtra-
tion. The solid was placed 1n a vacuum drying chamber, and
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dried at 40° C. for 48 h to obtain poly-L-lactide having a net
weight of 2.85 g. The conversion measured by a nuclear

magnetic resonance test was 99%. As analyzed by GPC, the
molecular weight of the poly-L-lactide M, =38,0000, and

M. /M =1.14.

Example 37

At room temperature, 10 umol of the complex Al5
obtained 1n Example 4, 0.2 mmol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-iree polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid in ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed 1n a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 2.28 g. The

conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M

of the poly-e-caprolactone 1s 115,000, and M /M _=1.07.

Example 38

At room temperature, 10 umol of the complex Al6
obtained in Example 5, 20 umol of 1sopropanol and 50 mL
ol toluene solvent were added 1nto a 100 mL water-iree and
oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 100 mmol of e-caprolactone monomer
was added and the mixture was stirred at room temperature
to react for 1 h. A solution of 10 vol. % hydrochloric acid in
cthanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 10.0 g. The conversion measured by a nuclear
magnetic resonance test was 88%. As analyzed by GPC, the

molecular weight M, of the poly-e-caprolactone 1s 590,000,
and M /M =1.31.

Example 39

At room temperature, 10 umol of the complex Al6
obtained 1n Example 5, 20 umol of 1sopropanol and 10 mL
ol toluene solvent were added 1nto a 25 mL water-free and

oxygen-iree polymerization bottle. After the reaction was
performed at 70° C. for 5 minutes, a catalyst composition
was formed. Then 350 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 30 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 7.13 g. The conversion measured by a nuclear magnetic

resonance test was 99%. As analyzed by GPC, the molecular
weight M of the poly-L-lactide 1s 340,000, and

Fi

M. /M =1.14.

Example 40

At room temperature, 10 umol of the complex Al7
obtained 1n Example 35, 30 umol of benzoic alcohol and 10
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mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. Then 30 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 3.42 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M
of the poly-e-caprolactone 1s 136,000, and M_/M =1.17.

Example 41

At room temperature, 10 umol of the complex Al7
obtained 1n Example 5, 30 umol of benzoic alcohol and 10
ml of dichloromethane solvent were added into a 25 mL
water-free and oxygen-iree polymerization bottle. After the
reaction was performed at 20° C. for 5 minutes, 30 mmol of
L-lactide monomer was added and the mixture was stirred at
room temperature to react for 10 minutes. A solution of 10
vol. % hydrochloric acid in ethanol was added to stop the
reaction. The reaction solution was poured into ethanol so as
to be sedimentated. A white poly-L-lactide solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-L-lactide having a net weight o1 4.32 ¢. The conversion
measured by a nuclear magnetic resonance test was 100%.
As analyzed by GPC, the molecular weight M, of the
poly-L-lactide 1s 168,000, and M /M =1.09.

Example 42

At room temperature, 10 umol of the complex A18 was
obtained in Example 5, 20 umol of methanol and 10 mL of
tetrahydrofuran solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was obtained. Then 3 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 10 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 0.43 g. The conversion measure by a nuclear magnetic
resonance test was 100%. As analyzed by GPC, the molecu-

lar weight M of the poly-L-lactide 1s 138,000, and
M /M =1.09.

Example 43

At room temperature, 10 umol of the complex AlS8
obtained 1n Example 5, 30 umol of ethanol and 10 mL of
cthylene glycol solvent were added nto a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was obtained. Then 6 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 10 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
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sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 0.68 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M

of the poly-e-caprolactone 1s 240,000, and M /M =1.13.

Example 44

At room temperature, 10 umol of the complex Al19
obtained 1n Example 5, 30 umol of n-butanol and 10 mL of
tetrahydrofuran solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was obtained. Then 6 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 10 minutes. A mixture solution of 5 vol. % water
and ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 0.86 g. The conversion measure by a nuclear magnetic
resonance test was 100%. As analyzed by GPC, the molecu-

lar weight M, of the poly-L-lactide 1s 299,000, and
M /M =1.18.

Example 45

At room temperature, 10 umol of the complex Al9
obtained in Example 5 was added into a 25 mL water-free
and oxygen-iree polymerization bottle. Then 10 mL of
tetrahydrofuran solvent was added. 50 mmol of e-caprolac-
tone monomer was added under powerful agitation and the
mixture was stirred at room temperature to react for 10
minutes. A solution of 10 vol. % hydrochloric acid 1n ethanol
was added to stop the reaction. The reaction solution was
poured mnto ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 5.71 g. The conversion measured by a nuclear
magnetic resonance test was 100%. As analyzed by GPC,

the molecular weight M of the poly-e-caprolactone 1s
600,000, and M /M =1.49.

Example 46

At room temperature, 10 umol of the complex A20
obtained 1n Example 6, 20 umol of diphenylcarbinol and 10
ml. of tetrahydrofuran solvent were added into a 25 mL
water-free and oxygen-iree polymerization bottle. After the
reaction was pertormed at 20° C. for 5 minutes, a catalyst
composition was obtained. Then 12 mmol of e-caprolactone
monomer was added and the mixture was stirred at room
temperature to react for 10 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was
obtained by filtration. The solid was placed 1n a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 1.36 g. The

conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M

of the poly-e-caprolactone 1s 500,000, and M /M =1.19.
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Example 47

At room temperature, 10 umol of the complex AZ20
obtained 1n Example 6, 20 umol of benzoic alcohol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was formed. The 20 mmol of e-caprolactone monomer
was added and the mixture was stirred at room temperature
to react for 20 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-e-caprolactone solid was obtained by filtration.
The solid was placed 1n a vacuum drying chamber, and dried
at 40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 2.28 g. The conversion measured by a nuclear
magnetic resonance test was 100%. As analyzed by GPC,

the molecular weight M of the poly-e-caprolactone 1s
140,000, and M /M =1.09.

Example 48

At room temperature, 10 umol of the complex AZ20
obtained in Example 6 was added into a 25 mL water-free
and oxygen-free polymerization bottle. 15 mL of hexane
solvent was added. After the reaction was performed at 20°
C. for 5 minutes, a catalyst composition was formed. Then
3 mmol of e-caprolactone monomer was added and the
mixture was stirred at room temperature to react for 30
minutes. A solution of 10 vol. % hydrochloric acid 1n ethanol
was added to stop the reaction. The reaction solution was
poured into ethanol so as to be sedimentated. A white
poly-e-caprolactone solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-e-caprolactone having a net
weight of 3.42 g. The conversion measured by a nuclear
magnetic resonance test was 100%. As analyzed by GPC,
the molecular weight M, of the poly-e-caprolactone 1s

343,000, and M, /M =1.29.

Example 49

At room temperature, 10 umol of the complex AZ20
obtained in Example 6, 20 umol of benzoic alcohol and 10
mL of toluene solvent were added into a 25 mL water-iree
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 60 minutes, a catalyst compo-
sition was formed. Then 20 mmol of L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 10 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed 1n a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 2.88 g. The conversion measured by a nuclear magnetic
resonance test was 100%. As analyzed by GPC, the molecu-

lar weight M, of the poly-L-lactide 1s 170,000, and
M /M =1.19.

Example 50

At room temperature, 10 umol of the complex A2l
obtained 1mn Example 7, 20 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 70° C. for 5 minutes, a catalyst compo-
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sition was formed. Then 50 mmol L-lactide monomer was
added and the mixture was stirred at room temperature to
react for 30 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured into ethanol so as to be sedimentated.
A white poly-L-lactide solid was obtained by filtration. The
solid was placed in a vacuum drying chamber, and dried at
40° C. for 48 h to obtain poly-L-lactide having a net weight
of 7.21 g. The conversion measured by a nuclear magnetic

resonance test was 99%. As analyzed by GPC, the molecular
weight M of the poly-L-lactide 1s 340,000, and

¥

M. /M =1.14.

Example 51

At room temperature, 10 umol of the complex A2l
obtained 1n Example 7, 20 umol of diphenylcarbinol and 10
mL of toluene solvent were added into a 25 mL water-free
and oxygen-free polymerization bottle. After the reaction
was performed at 20° C. for 5 minutes, a catalyst compo-
sition was obtained. Then 20 mmol of e-caprolactone mono-
mer was added and the mixture was stirred at room tem-
perature to react for 20 minutes. A solution of 10 vol. %
hydrochloric acid 1n ethanol was added to stop the reaction.
The reaction solution was poured into ethanol so as to be
sedimentated. A white poly-e-caprolactone solid was

obtained by filtration. The solid was placed 1n a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-e-caprolactone having a net weight of 2.28 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M
of the poly-e-caprolactone 1s 139,000, and M /M =1.07.

Example 52

At room temperature, 10 ummol of the complex Al7
obtained 1n Example 5 and 10 mL of toluene solvent were
added mto a 25 mL water-free and oxygen-iree polymer-
ization bottle. Then 10 mmol of e-caprolactone monomer
was added and the mixture was stirred at room temperature
to react for 10 minutes. A solution of 10 vol. % hydrochloric
acid 1n ethanol was added to stop the reaction. The reaction
solution was poured 1nto ethanol so as to be sedimentated.
A white poly-e-caprolactone solid was obtained by filtration.
It was placed 1n a vacuum drying chamber, and dried at 40°
C. for 48 h. The net weight thereof was 1.14 g. The
conversion measured by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M
of the poly-e-caprolactone 1s 118,000 and M /M, =1.47.

Example 53

At room temperature, a toluene solution of 10 umold of
the complex A17 obtained 1in Example 5 was added into a 25
ml water-free and oxygen-iree polymerization bottle. Then
10 mmol L-lactide monomer was added and the mixture was
stirred at room temperature to react for 10 minutes. A
solution of 10 vol. % hydrochloric acid 1n ethanol was added
to stop the reaction. The reaction solution was poured 1nto
cthanol so as to be sedimentated. A white poly-L-lactide
solid was obtained by filtration. The solid was placed 1n a
vacuum drying chamber, and dried at 40° C. for 48 h to
obtain poly-L-lactide having a net weight of 1.44 g. The

conversion measure by a nuclear magnetic resonance test
was 100%. As analyzed by GPC, the molecular weight M

of the poly-L-lactide 1s 159,000, and M /M =1.37.
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Example 54

At 130° C., 2.5 mol of L-lactide monomer and 25 mmol
of the complex Al7 obtamned in Example 5 were mixed,
melted and polymerized. After the reaction was performed
for 20 minutes, a solution of 10 vol. % hydrochloric acid 1n
ethanol was added to stop the reaction. The reaction solution
was poured 1nto ethanol so as to be sedimentated. A white
poly-L-lactide solid was obtained by filtration. The solid was
placed 1n a vacuum drying chamber, and dried at 40° C. for
48 h to obtain poly-L-lactide having a net weight of 3.31 g.
The conversion measure by a nuclear magnetic resonance

test was 92%. As analyzed by GPC, the molecular weight
M  of the poly-L-lactide 1s 134,000, and M /M =1.33.

Example 35

At 130° C., 25 mol of L-lactide monomer, 12.5 mmol of

the complex Al7 obtained in Example 5 and 25 mmol of
benzoic alcohol were mixed, melted and polymerized. After
the reaction was performed for 10 minutes, a solution of 10
vol. % hydrochloric acid in ethanol was added to stop the
reaction. The reaction solution was poured into ethanol so as
to be sedimentated. A white poly-L-lactide solid was
obtained by filtration. The solid was placed in a vacuum
drying chamber, and dried at 40° C. for 48 h to obtain
poly-L-lactide having a net weight of 3.3 kg. The conversion
measure by a nuclear magnetic resonance test was 92%. As
analyzed by GPC, the molecular weight M, of the poly-L-
lactide 1s 134,000, and M /M =1.35.

Example 56

At 130° C., 25 mol of L-lactide monomer, 12.5 mmol of

the complex Al7 obtained in Example 5 and 25 mmol of
benzoic alcohol were mixed, melted and polymerized. After
the reaction was performed for 10 minutes, a catalyst
compositions was obtained. A mixture solution of 20 vol. %
water and ethanol was added to stop the reaction. The
reaction solution was poured into ethanol so as to be
sedimentated. A white poly-L-lactide solid was obtained by
filtration. The solid was placed 1n a vacuum drying chamber,
and dried at 50° C. for 30 h to obtain poly-L-lactide having
a net weight of 3.3 kg. The conversion measured by a
nuclear magnetic resonance test was 92%. As analyzed by
GPC, the molecular weight M, of the poly-L-lactide 1s
134,000, and M, /M =1.33.

Example 57

By using the method of the following Example 52,
poly-e-caprolactone was synthesized by adopting different
mixtures ol benzoic alcohol and the complex Al7, respec-
tively, wherein all the molar ratios of the e-caprolactone
monomer to the complex Al17 were 5000:1, and the molar
ratios of benzoic alcohol to the complex A17 were listed in
Table 1. The molecular weight and molecular weight distri-
bution of the products poly-e-caprolactone were listed in

Table 1.

TABLE 1

The ratios of alcohols to the complex A17; and molecular weight
and molecular weight distribution of poly-e-caprolactone

Ratios of alcohols to

the complex A17 M,, careq X 1077 M, gpc x 107° PDI
2:1 5.72 5.88 1.10
3:1 3.82 3.69 1.09
5:1 2.29 2.22 1.04
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TABLE 1-continued

The ratios of alcohols to the complex A17; and molecular weight
and molecular weight distribution of poly-e-caprolactone

Ratios of alcohols to

the complex Al17 M,, careq X 107 M, gpc x 107 PDI
7:1 1.64 1.60 1.06
9:1 1.28 1.30 1.08
11:1 1.05 1.10 1.03
14:1 0.83 0.98 1.01

In Table 1, M,, _,;.; 18 the calculated molecular weight of
poly-e-caprolactone; M, -~ 15 the molecular weight of
poly-e-caprolactone measured by the gel permeation chro-
matography; and PDI 1s the dispersion index of poly-e-
caprolactone.

Example 58

By suing the method of Example 53, poly-L-lactide was
synthesized by adopting diflerent mixtures of benzoic alco-
hol and the complex A17 respectively, wherein all the molar
ratios of the poly-L-lactide monomers to the complex Al7
were 1000: 1, and the molar ratios of benzoic alcohol to the
complex Al7 were listed 1n Table 1. The molecular weights
and molecular weight distributions of the products poly-L-
lactide were listed 1n Table 2.

TABLE 2

The ratios of alcohols to the complex Al7; and molecular weight
and molecular weight distribution of poly-L-lactide

Ratios of alcohols to

the complex Al7 M,, caieq X 107 M, gpc x 107° PDI
2:1 7.22 7.30 1.03

3:1 4.82 4.98 1.05

5:1 2.89 2.80 1.08

7:1 2.07 2.00 1.04

9:1 1.61 1.70 1.07

10:1 1.45 1.44 1.08

12:1 1.22 1.30 1.05

In Table 2, M,, ;.. 1 the calculated molecular weight of
poly-L-lactide; M, ;- 1s the molecular weight of poly-L-
lactide measured by the gel permeation chromatography:;
and PDI 1s the dispersion index of poly-L-lactide.

The Examples above are only used to help the under-
standing of the mvention and the mventive 1dea thereof. It
should be recognized that those skilled 1n the art can make
some changes and modifications to the ivention without
depart from the principle of the invention. Such changes and
modifications also fall within the protection scope of the
claims of the mvention.

The mvention claimed 1s:

1. A catalyst composition, comprising a metal alkoxide
complex and a hydroxy-containing compound, wherein the
molar ratio of the metal alkoxide complex to the hydroxy-
containing compound 1s 1 a range of 1:2-1:1,000, and
wherein the metal alkoxide complex has a molecular for-
mula represented by Formula (I):

(X >M(OCR!'R?R?), 3], (organic solvent)y_, (I);

wherein in Formula (I), M 1s calctum, magnesium, stron-
tium, barmum, or aluminium;

wherein R', R*, and R® are independently selected from
hydrogen, chain alkyl, phenyl, substituted phenyl, ary-
lalkyl, or substituted arylalkyl, and wherein if one of



US 9,676,904 B2

27

R', R?, and R’ is hydrogen or chain alkyl, at least one
of the other two substituents 1s phenyl, substituted
phenyl, arylalkyl, or substituted arylalkyl;

X 1s hydrogen, C,-C,, chain alkyl, amino, or halogen.

2. The catalyst composition according to claim 1, wherein
the hydroxy-containing compound 1s ethylene glycol, ben-
zoic alcohol, phenethanol, diphenylcarbinol, triphenylcarbi-
nol, 1, 1, 1-triphenylethanol, 9-anthracenemethanol, 1,3,5-
benzenetriol, triethanolamine, or 1,3,5-benzenetrimethanol.

3. The catalyst composition according to claim 1, wherein
M 1s magnesium or aluminum.

4. The catalyst composition according to claim 1, wherein
R', R? and R’ independently are hydrogen, methyl, phenyl,
substituted phenyl, arylalkyl, or substituted arylalkyl, and
wherein if one of R*, R*, and R’ is hydrogen or methyl, at
least one of the other two groups 1s phenyl, substituted
phenyl, arylalkyl, or substituted arylalkyl.

5. The catalyst composition according to claim 1, wherein
when M 1s magnesium, X 1s H, CH,, CH,CH,, CH,S1
(CH,);, N(S1(CH5);),, benzyl, substituted benzyl, or halo-
gen; and wherein when M 1s calcium, X 1s H, CH,, CH,CH,,
CH,CH,CH,CH,, CH,Si(CH,);, N(Si1(CH,),;),, benzyl,
substituted benzyl, or halogen.

6. The catalyst composition according to claim 1, wherein
the organic solvent 1s alkanes, substituted alkanes, benzene,
substituted benzene, or ethers.

7. A production method of poly-e-caprolactone or poly-
lactide comprising the following steps:

reacting an e-caprolactone monomer or a lactide mono-

mer 1n the presence of a catalyst to obtain poly-e-
caprolactone or polylactide, wherein the catalyst 1s a
metal alkoxide complex having a molecular formula
represented by Formula (I):

[Xo>M(OCR'R’R?), 3], _s-(0rganic solvent), , (I);
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wherein 1n Formula (I), M 1s calcium, magnesium, stron-

tium, barmum, or aluminium;

wherein R', R”, and R’ are independently selected from

hydrogen, chain alkyl, phenyl, substituted phenyl, ary-
lalkyl, or substituted arylalkyl, and wherein if one of
R', R?, and R’ is hydrogen or chain alkyl, at least one
of the other two substituents 1s phenyl, substituted
phenyl, arylalkyl, or substituted arylalkyl;

X 1s hydrogen, C,-C,, chain alkyl, amino, or halogen.

8. The production method according to claim 7, wherein
the molar ratio of the metal alkoxide complex to the e-capro-
lactone monomer or the lactide monomer 1s in the range of
1:1-1:10,000.

9. The production method according to claim 7, wherein
the reaction temperature 1s 10° C.-130° C., and the reaction
time 1s 0.03 h-24 h.

10. The production method according to claim 7, wherein
M 1s magnesium or aluminum.

11. The production method according to claim 7, wherein
R', R, and R’ independently are hydrogen, methyl, phenyl,
substituted phenyl, arylalkyl, or substituted arylalkyl, and
wherein if one of R', R?, and R’ is hydrogen or methyl, at
least one of the other two groups 1s phenyl, substituted
phenyl, arylalkyl, or substituted arylalkyl.

12. The production method according to claim 7, wherein
when M 1s magnesium, X 1s H, CH,, CH,CH,, CH,S1
(CH;)5, N(S1(CH,);),, benzyl, substituted benzyl, or halo-
gen; and wherein when M 1s calctum, X 1s H, CH,, CH,CH,,
CH,CH,CH,CH,;, CH,Si1(CH;);, N(S1(CH;);),, benzyl,
substituted benzyl, or halogen.

13. The production method according to claim 7, wherein
the organic solvent 1s alkanes, substituted alkanes, benzene,
substituted benzene, or ethers.

G o e = x
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